The herbicidal actioIn of 2,4-dichlorophenoxyacetic acid (2,4-D) has been the subject of many investigations in the years sinice this compound was first demonstrated to be a plant toxicant. Almost as many possible mechanismiis for this toxicity-have been suggested. These includle depletioni of respiratory substrate, abnormal cellular proliferation, the production of toxic substances in response to 2,4-D application, changes in nitrogen mletabolismii or ioIn uptake and nietablolismi. interference with the level of endogenous auxin, andl abnormlal plhosphatase activity (4, 7, 9 
tioni fromi oxidationi. The figure 1 . Concentrations up to 5.6 X 10-4 AI have relatively little effect on either oxygen uptake using malate as a substrate, or on the phosphorylation which is associated with this oxidation. However, concentrations of 1 X 10-3 M, and higher, cause a progressive inhibition of both processes. The effect is relatively greater on the phosphorylation reaction with the result that the P/O ratio is reduced.
A concentration of 3.2 x 10-3 M 2,4-D causes about a 70 % inhibition of oxygen uptake, higher concentrations completely suppress the oxidation of malate in cauliflower mitochondria. In cases where oxygen uptake is completely eliminated, an increase in the free Pi of the solution is found as has been reported with soybean mitochondria (5) .
The reduction in net phosphate esterification in the presence of 2,4-D could result from an interference with ATP synthesis or the activation of a hydrolytic process by the 2,4-D. In order to determine whether 2,4-D was in fact activating an adenosine triphosphatase in the mitochondria an investigation of the breakdown of both ATP and ADP in these preparations was made. The results are summarized in table I, which shows that there are active systems for hydrolyzing ATP and ADP, but that there is no effect of figure 1 , using 60 ,umoles of the appropriate substrate. DPN was omitted with succinate. DPNH oxidation was measured in 1 nil total volume, using one-third as much of each cofactor and 10 Asmoles DPNH as substrate. Experimental conditions as in figure 1 . Each point is the average of two or more determinations. though the relative effectiveness of 2,4-D as an uncoupler is less with succinate and DPNH, it is apparent that the effect on phosphorylation is common to several substrates. Since only that portion of the electron transport system which follows DPN reduction would be common to all these materials (1), it is probable that at least part of the effect of 2,4-D is being exerted on phosphorylative reactions coupled w-ith flavoprotein and cytochrome oxidations.
The effect of 2,4-D on the P/O ratios obtained with beet root mitochondria metabolizing malate, citrate and succinate is summarized in figure 3 Figure 6 shows that although there is some inhibition of malate oxidation by the higher concentrations of IAA. the decrease in oxygen uptake is accompanied by a corresponding decrease in phosphorylation so that there is no effect on the P/O ratio. This result is in conformity with those of previous workers (3 5) who found no uncoupling response to the natural auxin.
Comparison With Uncoupling Effect of Dinitrophenol: As a means of evaluating the relative effectiveness of 2.4-D as an uncoupler, a study of DNP effects on oxidation and phosphorylation in cauliflower stem mitochondria was undertaken. As is shown in figure 7 . DNP is much more effective in reducing the P/O ratio since 1 X 10-4 M DNP has brought it essentially to zero. Over this concentration range DNP inhibits oxygen uptake only slightly witlh a maximum of about 30 % inhibition, but its effect on phosphorylation is substantial with a resultant decrease in P/O. As with 2,4-D. concentrations of DINP higher than those required for complete inhibition of phosphorylation result in an increase in the free inorganic phosphate in the preparation. Concentrations of DNP higher than 10-3 M completely inhibit oxygen uptake with malate in these mitochondria.
Other experiments in which 2,4-D and DNP were added simultaneously to cauliflower mitochondria showed that the combined effect on P/O's with malate as a substrate was strictly additive.
Dinitrophenol Effects on Growth: The effect of DNP over the same concentration range used in the mitochondria experiments on the growth of cauliflower stem disks is illustrated in figure 5 . The concentration which produces a maximum uncoupling has resulted in a loss of fresh weight by the disks wlhile low-er concentrations have reduced the fresh weight increase of the disks over the 3 day period. This relationship of growth inhibition to uncoupling is of the same type found with 2,4-D.
The action of 2,4-D and DNP in uncoupling phosphorylation in our preparations appears to be generally similar, with the major difference being the greater effectiveness of the DNP. This may be an indication that DNP has a greater affinity for some reactive site at which the uncoupling of phosphorylation by both compounds occurs. It is probable, however, that at least part of the difference is due to the location of the reactive site behind a diffusion barrier in the mitochondrion which permits more ready access of the uncharged molecules of each to the point of reaction. The concentration of 2,4-D required to produce the same percentage inhibition of the P/O ratio is 18 times as great as that of DNP. This difference is of the same order of magnitude as the difference in the concentration of undissociated molecules, which is 11-fold greater for DNP at the same pH due to the difference in their pK's (2.96 for 2,4-D as against 4.00 for DNP). figure 8 shows the effect of pH on the P/O ratios of the untreated controls and indicates an optimum coupling between pH 6.5 and 7.0.
Similar experiments performed with DNP have shown this compound is also more effective in uncoupling at a lower pH. At pH 5.6 a 1 x 10-5 M concentration of DNP completely inhibits phosphorylation, but at pH 7.6 the same concentration only reduces the P/O 5 One of the interesting aspects of these data is the indication that 2,4-D appears to act on phosphorylation and oxidation in a different fashion, and probably at different locations in the sequence of reactions transferring electrons from TCA substrates to atmospheric oxygen. Succinate and DPNH oxidation are completely unaffected by 2,4-D in concentrations up to 3.2 X 10-ji, while malate and citrate oxidation are almost completely inhibited by this level of 2,4-D. This points to a probability that the inhibitory effect on oxidation of these compounds is exerted on the initial dehydrogenation reaction and the transfer of electrons to DPN, since this step would be missing in the succinate or DPNH oxidation reactions. Testing of this hypothesis with purified malic dehydrogenase revealed that this enzyme is indeed inhibited by 2,4-D, and further that this inhibition is exerted whether the reaction is going fromii malate to oxalacetate or in the reverse direction.
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